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[57] ABSTRACT 

An MNOS IGFET device is formed by a process that 
eliminates or substantially minimizes contamination 
during formation and that results in a stabilized semi~ 
conductor device having a high ?eld inversion thresh 
old. 

15 Claims, 3 Drawing Figures 
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METHOD OF FORMING A STABLE MNOS IGFET 

BACKGROUND OF THE INVENTION 

Metal oxide semiconductors (MOS) and metal ni 
tride oxide semiconductors (MNOS) Have been de 
scribed and developed for use in electronic circuits. 
(See S. R. I-Iofstein and F. P. Heiman, “The Silicon In 

‘ sulated-Gate Field-Effect Transistor,” Proc. IEEE, Vol. 
51, No.9, p. 1,190, Sept. 1963. 
See also U. S. Pat. No. 3,650,530, granted Jan. 18, 

1972, assigned to the same assignee as the present in 
vention.) However, the development of MOS and 
MNOS devices is not without its problems. 
One common method of producing these devices, 

and particularly MNOS devices for use as an insulated 
gate ?eld-effect transistor (IGFET), includes several 
processing steps which are directed to the growth of se 
lected oxide layers. Because these oxide layers are rela 
tively thick, between 3,000 and 10,000 A., oxidation is > 
completed at relatively high temperatures and for ex 
tended time periods. It is, therefore, extremely difficult 
to prevent these oxide layers from becoming contami 
nated with mobile impurities. Also, these impurities 
can diffuse into a gate oxide layer, between 500 to 
1,000 A. thick, and lead to ionic drift instability in the 
device. 

U. S. Pat. No. 3,411,199, granted Nov. 19, 1968, is 
directed to the preparation of a semiconductor device 
wherein a solution to the problem of contaminated 
oxide layers is taught. However, the problem of ionic 
drift instability remains. 

OBJECTS OF THE INVENTION 

Accordingly, it is an object of the invention to pro 
vide a new and improved method of producing an 
MNOS device. _ g 

It is an object of the invention to provide a method 
of producing an MNOS device having a relatively thick 
hysteresis inhibiting or stabilizing oxide layer. 

It is an object of the invention to provide a method 
of producing an MNOS device wherein a stabilizing 
oxide layer and a contiguous nitride layer can be se 
quentially grown without exposure to an ambient atmo 
sphere. 

It is an object of the invention to provide a method 
of producing an MNOS device having a substantially 
reduced probability of threshold shift due to induced 
migration of mobile ions. 

SUMMARY OF THE INVENTION 
Brie?y, in accordance with the invention, a method 

of producing an MNOS IGFET device is provided in 
cluding the steps of removing a protective coating from 
an altered substrate, cleaning the exposed substrate, 
sequentially growing a hysteresis inhibiting or stabliiz 
ing layer, an ion-impermeable layer, and a protective 
layer, so that a relatively high ?eld inversion threshold 
is developed, and forming a plurality of selectively posi 
tioned electrodes. 
While the speci?cation concludes with claims partic 

ularly pointing out and distinctly claiming the subject 
matter which may be regarded as the invention, the or 
ganization and method of operation, together with fur 
ther objects, features. and the attending advantages 
thereof, may best be;u'nderstood when the following de 
scription is read in connection with the accompanying 
drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a greatly enlarged sectional view of one 
MNOS IGFET device formed in accordance with the 
method of the present invention. 
FIG. 2 is a ?ow chart of the steps in producing the 

MNOS device‘of FIG. 1. 
FIG. 3 is a series of greatly enlarged sectional views 

of the MNOS device of FIG. 1 corresponding to the 
steps in the ?ow chart of FIG. 2. 

DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, one MNOS device 10 formed in 
accordance with the method of the present invention is 
illustrated as an IGFET. A substrate wafer 12, prefera 
bly N-type silicon, has P-type regions 14 and 16 formed 
into the N-type silicon. A relatively thick silicon diox 
ide (SiO2) layer 18 is formed over surface 20 of the 
substrate wafer 12. A silicon-nitride (Si3N4) layer 22 is 
formed over the silicon-dioxide layer 18. Openings are 
provided through the silicon-dioxide layer 18 and sili 
con-nitride layer 22 for a metal source electrode 24 
that is in electrical continuity with source region 14, 
and for a metal drain electrode 26 that is in electrical 
continuity with drain region 16. A silicon-dioxide layer 
28 covers the silicon nitride layer 22, and has openings 
for the electrodes 24 and 26. An additional opening is 
provided in the layer 28 for a metal gate electrode 30 
that contacts the surface 32 of the silicon-nitride layer 
22. 

In FIG. 2, and the accompanying illustrations in FIG. 
3 corresponding to the process of FIG. 2, the MNOS 
IGFET 10 of FIG. 1 is formed by thermal growth of an 
oxide diffusion mask layer or coating 36 on substrate 
12 which may be phosphorous doped silicon that has 
been suitably prepared by standard procedures for the > 
oxide layer 36. Since this oxide layer is subsequently 
removed, the exact thickness is not critical; however, 
it can be between 2,000 and 10,000 A. Openings or 
windows 38 and 40 are formed through oxide layer 36 
exposing predetermined regions of the surface 20 of 
the substrate 12. A P-type dopant such as boron is dif 
fused through windows 38 and 40 in a conventional 
manner, and a P-type source region 14 and a P-type 
drain region 16 formed in the substrate 12. Then the 
oxide layer 36 is stripped from the substrate 12 and the 
then exposed surface 20 cleaned; for example, water 
wash, alkaline wash, deionized-water wash, and nitro 
gen dried. The condition of the IGFET 10 at this stage 
is illustrated by FIG. 3D. 
The cleaned substrate 12 is placed on a quartz sur 

face or graphite susceptor in a controlled atmosphere 
furnace. A silicon dioxide hysteresis inhibiting or stabi 
lizing layer 18 is then formed on the substrate surface 
20 to a thickness between 100 and and 1,000 A. by the 
oxidation of the substrate surface at a temperature be 
tween 800° and l,000° C. which is determined by the 
desired thickness of layer 18. 
A silicon nitride layer 22 is next formed on the stabi 

lizing layer 18 by the ammonization of silane (siHq) in 
a furnace. The furnace used can be the same furnace 
used in the formation of the layer 18. It is preferred that 
both the stabilizing oxide layer 18 and the nitride layer 
22 are formed sequentially in the same furnace so that 
the silicon dioxide layer 18 is not exposed to ambient 
before the formation of the nitride layer 22. 



3 
The ammonization of silane can be at the following 

flow rates: SiH, between 10 and 100 cubic centimeters 
per minute (cc/min): Nl-ls between 1 and 100 liters per 
minute (l/min); and, N2 between 10 and 100 l/min. For 
example, a silicon nitride layer has been formed with 
SiH, at 10 cc/min, NHa at 50 l/min, and N2 at 70 l/min. 
The resulting silicon nitride layer 22 can have a thick 
ness between 200 and 2,000 A. This silicon nitride 
layer 22 provides an ion impermeable layer on the sta 
bilizing layer 18. 
A silicon dioxide layer 28 is then formed on the ex 

posed surface 32 of the silicon nitride layer 22 by the 
oxidation of silane in a furnace. The furnace used can 
be the same furnace used in the formation of layers 18 

5 

and 22; however, the furnace used 'in the formation of IS 
the protective silicon dioxide layer 28 generally will be 
a separate controlled atmosphere furnace. 
The oxidation of silane can be at the following ?ow 

rates: Sil-l, between 10 and 20 cc/min; 02 between 100 
and 1,000 cc/min; and, N2 between 10 and 100 l/min. 
For example, a silicon dioxide layer has been formed 
with SiH,1 at 16 cc/min, 02 at 180 cc/min, and N2 at 40 
l/min. The resulting silicon dioxide layer 28 can have 
a thickness between 5,000 and 10,000 A. The silicon 
dioxide layer 28 forms a protective layer and, since the 
protective layer is relatively thick, provides a high ?eld 
inversion threshold so that coupling does not occur be 
tween source and drain lines where gates lines cross 
such source and drain lines, particularly in integrated 
circuits. The lGFET 10 at this stage is illustrated by 
FIG. 30. ' 

Source, gate, and drain openings or windows 42, 44 
and 46, respectively, are formed in the silicon oxide 
layer 28 exposing predetermined regions of the surface 
32 of the silicon nitride layer 22. Windows 42 and 46 
are illustrated by FIG. 3H as respectively adjacent to 
source region 14 and drain region 16, while window 44 
is positioned generally therebetween. The exact size 
and shape of windows 42, 44, and 46 is not critical, and 
where the source and drain regions 14 and 16, respec-‘ 
tively, have the same size and shape, the source and 
drain regions may be interchanged without affecting 
the electrical characteristics of the resulting IGFET de 
vice. 

Windows 42 and 46 are additionally formed to open 
through the silicon nitride layer 22 and the silicon 
oxide layer 18 and expose the surface 20 of the sub 
strate 12 at the respective source region 14 and drain 
region 16. 
An electrically conductive metal is then deposited in 

a conventional manner on the exposed surface of the 
silicon dioxide layer 28 and thus into the windows 42 
and 46 to cover the previously exposed surfaces of 
source and drain regions 14 and 16, respectively, and 
into the window 44 to cover the previously exposed 
surface 32 of the silicon nitride layer 22. The metal is 
then photoetched in a conventional manner leaving a 
source electrode 24, a drain electrode 26, and a gate 
electrode 30 as illustrated by FIG. 31. 
As will be evidenced from the foregoing description, 

certain aspects of the invention are not limited to the 
particular details of construction as illustrated, and it is 
contemplated that other modi?cations and applications 
will occur to those skilled in the art. It is, therefore, in 
tended that the appended claims shall cover such modi 
?cations and applications that do not depart from the 
true spirit and scope of the invention. 
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We claim: 
1. The method of forming a semiconductor device 

comprising: 
a. forming a protective coating on predetermined re 
gions of a substrate surface thereby defining unpro 
tected regions, 

b. altering the conductivity of the substrate at the un 
protected regions. 

c. removing the protective coating from the substrate 
surface, 

d. cleaning the exposed substrate surface, 
e. growing sequential layers on the clean substrate 

surface in a controlled environment, the layers in 
cluding 
l. a hysteresis inhibiting layer having a thickness 
between 100 A and 1000A on the substrate sur 
face, 

2. an ion impermeable layer having a thickness be 
tween 200 A and 2000 A on the hysteresis inhib 
iting layer, 

3. a protective layer having a thickness between 
5000 A and 10,000 A on the ion impermeable 
layer, and 

f. forming a plurality of conductive electrodes includ 
mg 
1. a first electrode on one of the altered substrate 
regions, 

2. a second electrode on another of the altered sub 
strate regions, 

3. a third electrode on the impermeable layer gen 
erally between and adjacent to said ?rst and sec 
ond electrodes. 

2. The method of claim 1 in’ which said hysteresis in 
hibiting layer is silicon dioxide. 

3. The method of claim 2 in which said growing of 
said layer is by the oxidation of a silicon substrate. 

4. The method of claim 1 in which said ion 
impermeable layer is silicon nitride. 

5. The method of claim 4 in which said growing of 
said ion-impermeable layer is by the ammonization of 
silane. 

6. The method of claim 1 in which said protective 
layer is silicon dioxide. 

7. The method of claim 6 in which said growing of 
said protective layer is by the oxidation of silane. 

8. The method of claim 1 in which said growing of 
said hysteresis inhibiting layer and of said ion 
impermeable layer is sequentially completed in a con 
trolled atmosphere furnace without exposure to the 
ambient. 

9. The method of claim 1 in which respective ones of 
said ?rst and second electrodes are source and drain 
electrodes and said third electrode is a gate electrode. 

10. The method of claim 1 in which said protective 
coating is a temporary oxide layer. 

11. The method of claim 1 in which said ion 
impermeable layer has a dielectric constant greater 
than said hysteresis inhibiting layer. 

12. The method of claim 1 in which cleaning said ex 
posed substrate surface eliminates contaminants. 

13. The method of claim 12 in which said contami 
nants include oxide. 

14. The method of forming a semiconductor device 
comprising: 

a. growing a protective oxide layer on a silicon sub 
strate, 
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b. opening windows through said protective oxide 
layer at predetermined regions to expose the sub 
strate, 

c. diffusing a suitable dopant through the windows 
into the exposed substrate to form altered areas in 
the substrate, 

d. stripping the protective oxide layer from the silicon 
substrate, 

e. cleaning the stripped and exposed substrate sur 
face, 

f. growing a hysteresis inhibiting oxide layer having 
a thickness between 100 and 1,000 A. on the clean 
substrate surface, 

g. depositing an ion-impermeable silicon nitride layer 
having a thickness between 200 and 2,000 A. on 
the hysteresis inhibiting oxide layer, 

h. depositing a protective silicon dioxide layer having 
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a thickness between 5,000 and 10,000 A. on the 
silicon nitride layer, 

i. opening at least a ?rst window in the silicon dioxide 
layer at a predetermined region to expose the sili 
con nitride layer, 

j. depositing a metal layer at said window opening, 
and k. photoetching the resulting metal layer to 
form an electrode having a selected electrical char 
acteristic. 

15. The method of claim 14 in which the step of 
opening at least a ?rst window further includes opening 
a plurality of windows to expose said altered substrate 
areas, depositing the metal layer at said window open 
ings, and photoetching the metal layer to form a plural 
ity of electrodes having selected electrical characteris 
tics of gate, source, and drain. 

=l< =l= * * * 
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‘IN THE SPECIFICATION 

.colurmi '1, line '19, BACKGROUND OF THE INVENTION after the 

word "between" delete "3,000 and 10,000 A" P 

and Add —- 37,000 Angsitrorihvs (A) and 

‘ 10,000 A --. ' 

‘IN THE CLAIMS 

Claim 14, paragraph’ vline 12, after ."lOO" and before 

‘ ' ‘ "and" add -_- A -- 7 

'_ paragraph CIA,‘ line 15, after "200" and before 

I "and" add _—- A —— 7 

' pare-‘graph h., line 1, after "5,000" and before 

"and" add -- A ——. 
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